Objective: To describe the use of hydrotherapy for pain management in labor.
women who will initiate hydrotherapy, the duration of hydrotherapy in labor, and the proportion of women who will discontinue hydrotherapy before the end of labor (Baxter, 2006; Forde et al., 1999; Henderson et al., 2014) . Currently, to our knowledge, researchers have not described the proportion of eligible women who will initiate and discontinue hydrotherapy or the characteristics associated with the likelihood of discontinuation in the United States. Estimating the proportion of women who will discontinue hydrotherapy is an important consideration to determine the number of hydrotherapy tubs necessary.
The purposes of this study were to provide estimates of hydrotherapy tub use for nursemidwifery-managed hospital births in the United States and to describe the characteristics associated with use of hydrotherapy. Hydrotherapy use was described in terms of the proportion of women who initiate hydrotherapy, the duration of hydrotherapy, and the proportion of women who discontinue hydrotherapy before birth.
Methods
This study was a secondary analysis of retrospectively collected practice monitoring data for a midwifery practice at a hospital in the Northwestern United States. The data included de-identified patient information collected and reported as required by agreement to attend water birth at the hospital. The researcher received a letter of determination from the institutional review board committee that the study was exempt from institutional review board review (Protection of Human Subjects, 2009).
Setting
Births occurred between 2006 and 2013 at a community hospital that provided a built-in jetted tub for hydrotherapy during the first stage in all labor and birth rooms. In addition, three tubs were designated for water birth, one built-in water birth tub and two portable tubs that could be set up in any labor room. Water birth tubs were larger than the jetted tubs to allow freedom of movement during pushing. Women who desired to have water births signed an informed consent document before admission and were directed to a room with a water birth tub.
A single hydrotherapy protocol informed practice for jetted tubs and water birth tubs. Tubs were filled to maintain a water level that covered the abdomen but remained below the shoulders. Water temperature was maintained between 95 F and 100 F.
Women who used hydrotherapy could leave and reenter the tub as desired, and women in the tub were never left unattended. During hydrotherapy, standard protocols were followed for vital signs, fetal heart rate monitoring, Group B Streptococcus prophylaxis, and intravenous access. Women were asked to leave the hydrotherapy tub if there was a fetal heart rate abnormality, indications of maternal infection or dehydration including elevated temperature and pulse, excessive bleeding, or excessively soiled water. A woman who was required to leave the tub could reenter the tub if the midwife determined that the conditions of her labor once again met eligibility criteria.
Participants
The final sample included women birthing with the midwifery practice who were eligible for hydrotherapy before the onset of labor. Women were considered eligible if they had a singleton pregnancy and were at least at 37 completed weeks gestation with no pregnancy complications. Women were excluded for known communicable blood or skin infections, active genital herpes, or suspected macrosomia.
Variables and Measurement
There were three primary outcomes: initiation of hydrotherapy, discontinuation of hydrotherapy, and duration of hydrotherapy. These data were collected by the midwives, along with selected maternal and neonatal outcomes, as part of the ongoing monitoring of the hydrotherapy and water birth program.
Initiation of hydrotherapy was measured as a dichotomous variable to indicate whether the participant had spent any time in a hydrotherapy tub. To better understand characteristics associated with initiation of hydrotherapy, two groups of participants who did not initiate hydrotherapy were identified. The two participant groups who did not initiate hydrotherapy included (a) those who declined the offer of hydrotherapy and (b) those who were excluded because they became medically ineligible after hospital admission but before hydrotherapy could be initiated. These groups were analyzed individually to identify any associated characteristics. Duration of hydrotherapy was a continuous variable to indicate the total minutes a participant spent in a hydrotherapy tub. Duration of hydrotherapy included firstand second-stage hydrotherapy.
Discontinuation of hydrotherapy was measured as when the participant left the hydrotherapy tub and no longer intended to return. Participants who left the tub but intended to return were not considered to have discontinued because in such cases the tub was still considered in use and therefore unavailable to other women. The two groups of participant who discontinued hydrotherapy included (a) those who progressed to pharmacologic pain relief, having used hydrotherapy as the first step in a pain management, and (b) those who were removed from hydrotherapy because they experienced a medical exclusion criterion. Exclusion criteria included maternal fever or suspected infection, an abnormal fetal heart tracing, nonprogressing labor, excessive vaginal bleeding, and any condition requiring continuous electronic fetal monitoring. Participants
Hydrotherapy use can be predicted by estimating who will initiate hydrotherapy, the duration of hydrotherapy, and who will discontinue hydrotherapy before the end of labor. 
Sample Size
The study size was determined by the number of eligible women giving birth with the practice during the years of program monitoring. Post hoc analysis of power calculated with G*Power for the logistic regression found 83% power to detect a small difference at odds ratio 1.5 with alpha at 0.05.
Statistical methods. Descriptive statistics were used for the proportion of women who used the tub, duration of tub use, and the proportion of discontinuations. Logistic regression was used to identify characteristics associated with declining to initiate hydrotherapy, being excluded from hydrotherapy, being removed from the hydrotherapy tub, and progressing to pharmacologic pain management. Logistic regression was an appropriate method to control for multiple variables in examination of a dichotomous outcome, and it provided an adjusted odds ratio for each associated characteristic.
In these data, most inductions of labor were performed for gestational age beyond 41 completed weeks, which may be considered medically indicated. Associations between hydrotherapy and medically indicated induction of labor may be different from associations between hydrotherapy and elective induction of labor. To address this potential bias, a sensitivity analysis was conducted by limiting the analysis to only those women who had 41 completed weeks or fewer.
Results
There were 339 births included in the initial data set. After removing three women who were ineligible for hydrotherapy before the initiation of labor (one for failed induction of labor, two for gestational age beyond 42 completed weeks) and nine women without complete information on hydrotherapy use, the final sample included 327 births (see Figure 1 ). The mean age was 27.98 years (standard deviation ¼ 4.7) and the mean gestational age was 40.1 weeks (standard deviation ¼ 1.1). Table 2 ). In the sensitivity analysis, induction of labor (AOR ¼ 4.5, 95% CI [1.1, 17.6]), but not younger age, remained significant. In the logistic regression analysis for exclusion from hydrotherapy after hospital admission, an association between being excluded and nulliparity was identified (AOR ¼ 3.5, 95% CI [1. 01, 11.7] ). In the sensitivity analysis this relationship was no longer significant.
Initiation of Hydrotherapy

Duration of Hydrotherapy
The mean duration of hydrotherapy was 156.3 minutes (standard deviation ¼ 122.7). Participants who discontinued hydrotherapy had a longer duration in water than those who did not discontinue (mean difference ¼ 64.2, 95% CI Overall, 82% of the women initiated hydrotherapy, with a mean immersion time of 156 minutes.
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[30.6, 97.8]). Results of post hoc testing of the analysis of variance showed that participants who were removed from hydrotherapy because they met medical exclusion criteria had a statistically significant longer duration (mean difference ¼ 66.5, 95% CI [23.5, 109.5]) than participants who continued hydrotherapy. No statistical difference in duration was identified between participants who discontinued hydrotherapy to pursue pharmacologic pain management and those who continued hydrotherapy (see Table 3 ).
Discontinuation of Hydrotherapy
Of the 268 participants who initiated hydrotherapy, 80 (29.9%) discontinued. Of these 80 participants, 56 (20.9%) were removed because they met medical exclusion criteria, and 24 (9%) progressed to pharmacologic pain management. The results of chi-square analysis showed an association between nulliparity and progression to pharmacologic pain management (p ¼ .021) and removal because of medical exclusion criteria (p ¼ .002). No other differences were identified between those who discontinued and those who did not.
In the logistic regression analysis for removal from hydrotherapy because of medical exclusion criteria, the association between nulliparity and greater odds of removal remained (AOR ¼ 2.7, 95% CI [1.4, 5.0]). This association remained significant in the sensitivity analysis. In the logistic regression analysis for progression to the next step in pain management, nulliparity remained associated with progression (AOR ¼ 2.9, 95% CI [1.2, 7.0]). In the sensitivity analysis, nulliparity was no longer associated with progression to the next step in pain management.
Discussion
In this article, I described the use of hydrotherapy for labor pain management and identified patient characteristics associated with the use of hydrotherapy in a midwifery practice with low barriers to hydrotherapy use. Overall, 82% of the participants initiated hydrotherapy, with a mean immersion time of 156 minutes. Induction of labor was associated with greater odds of declining the offer of, but not being excluded from, hydrotherapy. Nulliparity was associated with greater odds of exclusion from hydrotherapy when adjusting for other characteristics, but this association was not maintained in the sensitivity analysis. 
Hydrotherapy in Labor
Approximately 30% of the participants who discontinued hydrotherapy were removed because they met medical exclusion criteria or progressed to pharmacologic pain management. Removal for medical exclusion criteria and progression to pharmacologic pain management were associated with nulliparity in the main analysis. The association between nulliparity and progression to pharmacologic pain management did not persist in the sensitivity analysis. Duration of hydrotherapy immersion was longer for participants who were removed from hydrotherapy because they met medical exclusion criteria.
The results of this study provide evidence that promotion of hydrotherapy before initiation of pharmacologic methods can be successfully implemented for pain management in labor for low-risk populations in the United States. The finding that more than 80% of women initiated hydrotherapy supports the results of prior research in which authors reported that training midwives and nurses to promote an extant hydrotherapy program increased hydrotherapy rates from 66% to 80% (Russell, Walsh, Scott, McIntosh, 2014) . Nearly half of the women who used pharmacologic pain management did so before the initiation of hydrotherapy, suggesting that women did not feel restricted in pain management options and were equally willing to progress to stronger pain control before and during hydrotherapy. In future studies, researchers should investigate women's acceptance of the promotion of hydrotherapy as a first step in pain management.
Although hydrotherapy is generally considered to be a low-cost method of labor pain management, the costs to implement and maintain a hydrotherapy program have not been published. This may be due to the wide variation in cost between programs in which built-in tubs are installed and those in which portable tubs are used. The estimates provided in this study can help hospital staff make predictions about hydrotherapy use by identifying the proportion of nulliparous women and women undergoing induction of labor within their eligible population. These predictions can be used to justify the cost of implementing or maintaining a hydrotherapy program. 
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The results of this study also support previous findings that hydrotherapy for labor can be an effective method of pain management (Benfield et al., 2010; Cluett & Burns, 2009) . In this study, I found that 57.5% of the participants remained eligible for hydrotherapy and did not progress to pharmacologic pain management. In future studies, researchers can use these findings to calculate the cost effectiveness of a hydrotherapy program.
The calculations performed to describe the use of hydrotherapy tubs by participants who discontinued hydrotherapy were intended for the prediction of hydrotherapy use and should not be considered estimates of failure of hydrotherapy. Participants in this study were informed about hydrotherapy as a first step to manage labor pain and were encouraged to initiate hydrotherapy before pharmacologic pain methods. The finding of no significant difference in duration of hydrotherapy between those who progressed to pharmacologic pain relief and those who continued to use hydrotherapy suggests that hydrotherapy was a successful first step for pain management for many participants. In future studies, researchers should investigate proportions of women who will not achieve adequate pain relief from hydrotherapy and identify any associated characteristics that can be used by hospital staff to predict successful hydrotherapy use.
The longer duration of immersion for participants who were excluded from hydrotherapy because they met medical criteria may be due to the reasons for the medical exclusion. It is likely that the duration of immersion was correlated to the duration of labor, which would mean women who were excluded from hydrotherapy because of inadequate labor progress may have spent more time immersed in a hydrotherapy tub than women whose labor progressed at a faster rate. In this study, I did not consider duration of labor, nor the reason for the medical exclusion. In future studies, researchers should investigate characteristics associated with duration of hydrotherapy to allow more discrete predictions of hydrotherapy tub use.
Clinical Implications
Findings from this study can be used by hospital staff to estimate the number of hydrotherapy tubs needed to introduce a labor hydrotherapy program. In this study hospital, every labor and birth room had a labor tub, which is not the case in all hospitals. Three participants in this study did not initiate hydrotherapy because of insufficient tubs. In each case the participant intended to pursue water birth and therefore was directed not to use the built-in labor tubs in the rooms but instead to wait for a water birth tub to be available. For all other participants the decision to initiate hydrotherapy was based on physical condition and maternal desire only. This allows these findings to be used to estimate the number of tubs needed based on hospital population characteristics. When calculating the duration of tub use, time should be added to account for filling the tub before immersion and cleaning the tub after; neither were included in the duration of immersion in this study.
Facilities with shared portable or centrally located tubs may choose to limit the duration of immersion to allow greater access to eligible laboring women. If duration of immersion were limited, the incidences of tub use and discontinuation would likely be different than those reported in this study. The immersion times given in this study did not differentiate between first-and second-stage immersion, and they include immersion during some water births. Given the mean immersion duration of 137 minutes, a limit of 2 hours for firststage immersion with portable tubs may allow half the eligible women to reach a natural endpoint for hydrotherapy.
The findings of this study can be used by nurses to help women form realistic expectations of hydrotherapy for labor pain management. The findings can also be used by physicians and midwives to help women make decisions about hydrotherapy for pain management in labor. Of special interest in this study was the inclusion of women who underwent induction of labor if they met other eligibility criteria, a progressive labor pattern was established, and continuous fetal monitoring was not necessary. In this study, more than 70% of participants who underwent induction of labor were able to initiate hydrotherapy. Although the induction of labor was associated with declining to initiate hydrotherapy, it was not associated with discontinuation for progression to pharmacologic pain management or medical exclusion criteria.
Limitations
This study was limited to the women and their characteristics recorded in the quality assurance hydrotherapy database. It is possible that other More than 70% of the women with induced labors were able to initiate hydrotherapy.
Hydrotherapy in Labor patient characteristics could better predict hydrotherapy use or should be used to control for bias in the models. Characteristics such as race or ethnicity, educational level, and prior cesarean may play a role in a woman's or midwife's decision making about hydrotherapy. Similarly, characteristics of individual nurses and midwives may be related to hydrotherapy use (Russell et al., 2014; Stark & Miller, 2009 ) but were not included in the data.
This study was limited to a sample of women who were introduced to hydrotherapy during prenatal care with nurse-midwives and met the hospital eligibility criteria for hydrotherapy. Eligibility and exclusion criteria for hydrotherapy in the study hospital were similar to other eligibility criteria found in the literature for facilities that provide hydrotherapy and water birth services (Henderson et al., 2014; Otigbah, Dhanjal, Harmsworth, & Chard, 2000; Zanetti-Daellenbach et al., 2007) .
The database for this study did not distinguish between first-and second-stage hydrotherapy. This differentiation is important to predict hydrotherapy for hospitals with resources for first-stage hydrotherapy only and for justification of availability of second-stage hydrotherapy resources. In the absence of better estimates, the number of women who give birth in the water (65% of those initiating hydrotherapy) may provide an estimate of the proportion of women who used hydrotherapy in the second stage.
Generalizability
By examining a setting with low barriers to hydrotherapy, the results of this study provide an estimate of what a hospital can expect among the population of eligible women if a hydrotherapy program is implemented and promoted.
Researchers have found that variation in hydrotherapy use is related to institutional barriers and individual practices of nurses and midwives (Russell et al., 2014; Stark & Miller, 2009 ): if hydrotherapy is not easily available, women may not choose to use it even if they are eligible. The greater proportion of hydrotherapy use in this cohort was likely related to the low-risk nature of the midwifery-managed patients in this setting and the encouragement from the midwives and hospital nurses to use hydrotherapy during labor.
The greater proportion of hydrotherapy use may also reflect greater acceptability of hydrotherapy in labor for the women in this sample. Women who choose midwives for care may be more receptive to hydrotherapy than women who choose physicians for care. Women in this practice were informed about the preference to use hydrotherapy as a first step in pain management during antenatal care. This preference may result in some women leaving the practice if they considered hydrotherapy to be an unacceptable option. Although women were not required to agree to use hydrotherapy to remain with the practice, if this occurred the results of this study would overestimate the use of hydrotherapy for low-risk women. However, it is worth noting that hydrotherapy programs for labor and birth have been implemented in cultures around the world, which suggests broad acceptance of its use (Chaichian, Akhlaghi, Rousta, & Safavi, 2009; Geissbuehler, Stein, & Eberhard, 2004; Liu et al., 2014; Mollamahmutoglu et al., 2012; Ohlsson et al., 2001; Uceira-Rey et al., 2015) .
Estimates of the use of hydrotherapy for women who undergo induction of labor must take into account the reasons for and methods of labor induction within the population served. Induction of labor may be done for medical indications that exclude a woman from using hydrotherapy, and protocols based on continuous oxytocin administration are unlikely to result in hydrotherapy eligibility.
Conclusion
In a hospital environment in which hydrotherapy for labor pain management is promoted, most women who were eligible for hydrotherapy did initiate hydrotherapy. Hospital staff can estimate demand for hydrotherapy in labor by being aware that hydrotherapy initiation is associated with induction of labor and that removal from hydrotherapy because of medical exclusion criteria is associated with nulliparity. These findings can be used to justify the costs of implementing or maintaining a hydrotherapy program and to help women form realistic expectations about hydrotherapy as a pain management option.
